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‘1’hc Opc.rations  1 in~inccring 12113 (01 H,) at
J])], bas dcvclopcd a simple, gcncyic toolkit
10 intcgmtc  tk tll)liIlk/clowJ)]lil)k  prmxsscs,
(ollcn  called cIo,~ii/<q the /oo/J,),  ia Jf’I ,’s
N4ultin]ission  GroLII)d l>ata Sys(cm. ‘1’his
[oolkit p r o v i d e s  capabi li[ics for intcgrat ing
tclclnctIy verification points with prcclictcd
spacccraf[ commands and ground  events in
tk Miss ion  ScqucIIcc Of ]ivcnts  (S011)
( 1  OC.N1W1II.  1)) l}lC .1I’1 / ~rouml data  syskm,
~hc L]plink  pIoccssing, functio]ls  a]ld (lIc
down] ink pmccssing  fllnc[ions  am scpara[c
sllbsystc]Ils  tha t  arc not w e l l  intcgr:itc,(l
bccallsc  of Ihc na(llm of planetary missions
wi (h laIgc cmc-way  1 igh( time.s for spacc.cmft-
to-gmund  corl]llltll]iczltio~],  our ncw closcd-
Ioop monitoring 1001 allows aJI analyst or
mission contml]cr  to view and save uplink
c.olnmands  ancl ground events with [heir
comxponding  downlinkccl  tclcmctry va]ucs
rcgard]css of the delay in (iownliak  [clcmctry
and withou[  ]quiring mal-time inkrvcmtion
by IIlc llscl’.

AII, Soli doc.umcmt  is a time-mdcmxl list of al]
tllc planld  ground  and  Spacccl’aft Cvcnts,
including all coJmnaads,  scqucncx loads,
~,mmd events, significant mission adivitics,
spacecraft status, and Icsoumc  allocations.
‘J’hc S011 d o c u m e n t  i s  gcncratcd  b y
expansion and integration of space.cmft
scc]llcncc  files, gIOIII]d station allocations,
mvigation  file.s, and other ground  event files.
“J’his SOli gc.ncration prwcss h a s  b e e n
[l(ltOll)iitC(i  within tbc 0111, ~lld includes a

graphical, c)l>jcct-c)licll[cci  SOfi editor and
real-time viewing tool running, UIId CI
X/h40tif.  ‘J’IIc S01; toolkit  was used as lbc
fmncwork  for the intc:,ratcd  i]lll>lcll]cllt:lli(~]l.

‘1’hc. S01; is usmi by  f l igh t  cn~inccrs  to
comiinalc  their opmtions  tasks, serving as a
Jmxlict data set in gmilnd opcra( ions md
mission control. ‘1’hc closed-loc)p S01 i toolkit
allows simp]c, automated in[cgration  of
prcdictd  up]ir]k cvcn[s with cx)nclatcd
tclcmc(ry points in a single S01{ documcnl
for on-scIccI] viewing and ambiving.  It
automatically intclf22ccs  with existing I’cal -
timc or non real-time somccs of in fomaljon,
to display actual va]ucs fro]n tbc tclcmctry
data St I’caln .

‘1’his  toolkit was designed to gmttly  simplify
the uscI’s ability to access and vic.w tc.]cmctry
data, and also provide, a means to view this
data in tk context of the cmmmands  and
gInuIKl events that arc USM1  to intcrpmt it. A
c l o s e d - l o o p  systcm can pmvc  cspccial]y
uscflll  in snlal]  miss ions  wi th  l imi ted
]csourccs  requiring au[omatcc]  monitoring
tools. ‘1’his  paper will discuss the toolkit
i]l]])lcll]cllt:iti[)]l,  includjnp,  design trade.-offs
:111(]  fll[ll I’C ])][IJN  fOI” CIlh:NKi Il~, tk ?lLltOlll:ltCd
capabilit ies.

‘1’}lc Opcrat ions I lnginccring 1 ,ab (01;].) at
NASA’s Jc.t l’repulsion 1.abor:itory  has
dcvcropcd  a Simp]c, p,cncric toolkit  t h a t



it]tcgiatcs  uplink  cvcllts  will) dowaliak
(clcllmtry information, (of(ca called clo.~itlx
l)lc 1(~(~)},). ‘1’his loolkit  pmvidcs  capabi]i[ics
l-or ia[cgr2[iag [clcmctry vcrificatioa  points
al~d ~,munci n~onitorin:,  inlormatio]~  w i t h
plaallc(l  Spat’ccl’afl  commands and  ground
events  in the Mission Scc]ucncc  Of livcnts
(S01;)  schdulc.  in  the  cxis[ing  SOli for
pl:lnctary missions, each spacecraft command
ilcl)) has a dcsuiptivctcx[ fic.ld that contaias  a
l i s t  of rcla[cd cnginccring  tclcmctry
paralm[c~s.  “I’tlcsc  ]~:ll:tlllctcrs:  llclllc)llitolc(l
by mission contmllcn  usinS a dalamoai(or
t~x)l [ll:lt]J1()ccsscs: lr](l(lis]>12iyst  llc(lc)w]llirlk
iclclllc(]’y  Stl”calll. ]Iowcvcl”, [lIC l“c]c!vant
downlink  tclcmct].y for commaad verification
lllay not al”l’ivc for IIOUI’S 01’ Cvcll days aflc]”
tl]cco]]]lll:illcls l]:lvcl>ccl]  sent bccaascofthc
large one-way light times and ]imitcd contact
periods  o f  some p]anctary  missio]ls. ‘J’hc
closed-loop systc]ll  will intc:,ratc these tasks
by intcrfaciag  the SOI; with the mal-lime. m
non-mal-[imc  [clcmctry  data streams aIld
alllomatical]y  appcn(l  a p p r o p r i a t e  c h a n n e l
val LIcs  and  limit checks with command and
ground event items. 0111’  Ilcw Closc(l-lcmp
]nonitoring  tool allows an analyst m mission
contml]cr to bmwsc and archive uplink
commands and ground  events with their
co]jc.s]>~)ll[li[~~  downlinkcd  te.lc]nctry va]ucs
]cgadlcss  of the delay in downliak tclcmctty
and wilhoa( requiring mal-time iatcrvcalion
by the user. 1 ‘igure 1 shows a samp]c  SOI i
with intc. f,ratcd tclcmctl’y channc]
information.

An S01; clocumcmt  is a time-mdcrcd list of al]
tl)c planned ground and spacecraft events,
including al] co]nmands,  scqucncc  loads,
~,mund events, significant l]lissi(J1l:lcti\~itics,
statlls and rcsoumc  allocations. ‘J’hc Sol;
document is gcncmtcd by the multimission
control  tc:lt]ll)ycxl~:l]lsioll  aadintcgmtion  of
scqucncc a n d  ground  f i les .  ‘1’his SOli
,p,c.acmtion  pmcc.ss has bcca autolnatcd and
includes a graphical, ohjc.ct-oriented SOI;
lcdilor :iIIcl  Vicwillg tool running  under
.X/h40tif. ‘1’hc SOI; is uscci by the mission
co]]tmllc]s  an(i spacccr:ift  a n d  instn]mc.nt
caginccrs tocool’(lirl:ttct  llcil.(  )]~crtltiol~s  tasks,
serving as a predict data set in .gmuncl
operations and mission control.

A1)lT<OA(:lI

‘1’hc Opcratioas  l;rl~irlccring I.ab (Of{],)
pro]mscd a research task (0 dcsigrl and
implement a [oolkit that allows simp]c,

.automatcd  irltc~, ration of J>mlictcd  uplink
cvcIIts wi[h actual downlink tclcmctry  in a
sirlglc. SOIi d o c u m e n t  for vicwin:  and
archiving. ‘J’his  iatcgrwtd  ,S011 scrwcs as the
basis for a closed-loop monitorii]~,  toolkit that
can automatically ialcrfacc  withcxistill:,  mal-
timc olll(~rl-1(::11-ti]llc  sourms  of information
and display only sclcclcd va]ucs fmm the
Odcmtry  data Stl’calll.

A si~aificant  research cfforl was in the design
a n d  ir]l]~lc]llcr]t:ltic)ll  of the intcrpmccss
cc)llll]]tlr~ic:t[io]l  interfaces and inter.active
cc)atro]s  for ]ctricving  and JJassirlg
informat ion  fmm a varicly  of downlink
pmccssing  aJy>lications to the SOI{ tool.  A
flcxib]c  approach  was  C11OSCJ1 [0 a l l o w
phasing, of planned future cl]lli\r]cc]]]cl~ts,
inclu(iing  cxpansioa of the SO}; Cal):ibilitic,s
for automated mission contmllcr  logs,
tclcrnctry  logging, systcm test pmcedur’c
cxecutioa, a n d al]tomatcd c o m m a n d
vclificat i or].

l)uring  tbc rcquimmcnts  analysis, (I)c J])],
h4ultimission  Coatml ‘J’cam (MC’1’)  indic.atcd
that the closed-looJ> monito]”jr]g  systcm
shoLlld  include automated log keeping
c:i]):~t~ilitic.  sfo]]~~issio]~  corltrollms in cmdcrto
ir]cJudc their ]cal-tirm Jogs jrl the scclLEncc of
c.vents. i n  t h e  current  o p e r a t i o n s
cnvi]oarncn(, (hc h4C’1’ logs  rea l - t ime
inforvnatioa  on specific uJ>link  and clownliak
e v e n t s  on hand-w  rittca  forms, ‘1’hc h4Crl’
cant~ot  mcc[  ;iilclcctl(~r]i  cJoggir]gr crlL]itc]llcr]t
without automation  tools - lnaaual]y typing a
l o g  rcJml’t wou]d bc impossib]c  during
iatcnsc  pcrjods. Although the SOli tool can
c.urrcnt]y bc used to cntcrcommcats  and ad
as a logging tooJ, the mission contro]lcr
loggjng  mqujrcmcnts  wmc vcIy lm)a(i an(i
not clearly  cicfincci  enough to implement
within  an :il]c:t(iy-(icvclo]>c(i  tool such as the
SOli editor. ‘1’bus, wc Cicci(ic.d to implement a
scpamtc  tool for automatcxi  lc)gging  t h a t
wou](i iatcgm[c manua]  logit~l~tlts,]>l’cclictc(i
events il]]JLl[ filcs(sllc1121s  tllc S{) I\), rc:11-tiIllc
br’oacicas[ (iata, an(i out J)ut from o t h e r



downlink tclc]llclry proccssin:j  and
II)onilot”illg  applica[iol]s.

01;1 >1 /OG(ilNG ‘1OO1 .

‘1’hc 01:1, logging  ‘1’001 (OljOG)  pmvidcs
atl(o]n:][cxl  aIId  manua]  logging of prcdic(cd
and actual  mission cvcmts in a graphical casy-
(C)-lISC  fomat. ‘J’hc use]. il)tcrfacc  and pull-
down lllcllLls  :llcccJ1ll]~lctclyc  orlfigllr:il>lc  by
a]l individual c.nd-usc.r  [0 meet nlission-
spccif’ic ncds. An initial  i~.ation  file can bc
read on startup  Ihat custolniz,c.s  menu options
an(l dcfall]ts. ‘J’hc. olil, l,c)p,p,ing  ‘1’001 is
shown in l;igLirc  2.

‘I’l]c< )l; 1,1, og”l’o(~l 1>roviticsc:i]3:  ibiliticsfol
lmnua] cIltrics totllclog,  citl)cr lJyallC)witlga
usmtosclcct  items offprc-defined mcnusor
Ctltcrill:, tcx[lll:lrlllally  illtotllcc  lltry:il’c:i.”  1’t~c
pm-defined ]ncnLIs ancl dcfau]t Va]LICS call  l>c
customind  forvatious  tc:tll~st>yc]c:ltillga]~
initial imticm file. ‘J’hc Olil,  ],og ‘1’001 is also
des igned  to intcrfacc  in mal-time will)
c.xlcma] input  sources (downlink tc]cmctry,
lnonitord  ata, intcrpmccss  ]ncssagcs,  ]mclicts
and actuals f]lcs), thus pmvicling,  capabj]itics
for aLllomatcd  log cntrjcs.  ‘J’hc tool  i s
designed toa]low  automated and manual log
cntIicsto occIIIc cIIIcllrIcI)tly with a u t o m a t i c
ol(lcIillgl):lsc(l on tjmctags.  ‘J’hccwucnt  tool
illl]>lclllcllt:ltioll  inclucics scvcm]  mechanisms
101 communicating with downli~lk  pmmscs
b a s a l  (he. MG1)S custom  ])ata ‘l”ransport
Subsystc.m  (1)’1’S) scrviccs.  WC, have also
ilnplclncntcd  a tclcmc(ry  data ]mccssing
pl’o~l’am that C:l])tLll”CS  and  pmccsscs d a t a
fmm Ihc ]cal-time tclcmctry  data stream or
spooler files, ancl  passes log messages into
tllc 01 il J 1 .Og ‘1 ’001.

IN’J’I Xl)l<O(2iSS U)h4h4UNl~Arl’10N

‘1’hC  0111> ].o~ ‘] ’0()]  LISCS thC  h4Gl)S 1)’1’S
scrviccs  to imp]cmcnt  lncssagc  p a s s i n g
c:llJ:ll>i  litics.’J’}lctcJol  collllcctsto:ll>roa(lcttst
channc]  o]vjl[Ll:llc  jlctlj(if  :tcll:lTlllclo]  ltiolljs
chosen. Whi]c  pmccssing  jnput  events, the
too l  con[inu:il]y  checks  for p e n d i n g
lllcssagcs.

Scvcra] programs and mu(jncs  IIavc been
wl”it[cn toilnplclncnt  rc:ll-tilllc{l(~~vlllillk  data
processing functions and cooperative

Ill CSSilf,  C pil SSill:7, mcchanislns. ‘1’hcsc
pro:,IallIs  pmvidc a  f l e x i b l e  a p p r o a c h  t o
pl’OCCSS VilI”iollS input (Iilt;i SOII1”CCS, which :II°C
tl)c.ll lcfc)l’ll):lttccl  :islc)g lllcssa:cs  tot)cscllt  to
the 01 ;1 , 1 .Og ‘1’001.

●  A]>rc)g,r:~l~l  tll:tt  Llscs:i  I)’1’Sl~lo:i{lc:\st
cllanncl orvjrtual circuit  fo]scll(lit)gtii)lc-
Stil  Il)]>C(l  lllCSS21~CS. ‘1’hc 01;1, log ‘1’001
coopcmtcs  by rcccjving  and pmccssing
the messages for irlput into the log, ill time
Ol”dcr.

●  A~,c]]C]ic]  ~)l]ti)lCt}  liit~lscs[}  ]ch4C;l)S
l)ata ‘1’l’ansport fllnctions  (In’s) to
connect to a bmdcas(  channe]  or vjrlllal
circuit  for s e n d i n g  l i m e - s t a m p e d
mcssap,cs and :icc)llcs]>[)llclil~g  0111. I.og
‘J’oo]  mutinc  t h a t  crcatcs  a bmaclcast
c h a n n e l  or virtual  circuit  to lc.ce.ivc.
mcssap,cs,

●  Apmgmnthat  lc;i(lst l)cotltl)Ll[  from
an cxis[ins  1.ciil-tilllC  S]]laI’L Alai.IN ‘1’001.  It
j) I”[)ccsscs tllcoLlt])llt and tl]cn Sends log
IllCSS:i~CS  to the ()] iI . ] .o~ ‘] ’00].

●  A  prc)gram t h a t  reads h4Gl)S
downlinkcd  tc]cmctry  data fmm a vjr(ual
circuit,  mal-tinm bmadc.ast channc],  a
bytcst~cam  file, and/or  a spooler file
USil)~ thC ])’]’S flltlCtiollS.  ]t ]) I”OCCSSCS  t}lC
data by parsing (clcmctry  headers and
checking fmsclcctcd data types which m.c
ftlcl)  Cxtl’acted> p“occsscd,  an(i passc(i to
tllc~)lil,  ljogrl’ool.  1( uscsl  Y1’S scrvjccs
to scn(i  log messages to the 01:1. lmg
“1’001. ‘I’llis  ]>loSttiT)lJ lrovi(lcsal  llocicl”  for
buil~iing a(idj(ional  programs for
pmccssi)lg  data fmln real-time tc]cmctry
Stl’cal])s  or fl’om (iata output b y  Oti)cr
applications an(i then gcncmting  log
lllcsszl~,cs  t[)l>cilltcglzltc(i wjth thcprcclict
in fmmation  intim log too].

];igurc  3 shows tim 0111, log ‘1’001 ancl  its
tclcmctry  ]mccssing  interfaces.

0 ,0s1 ;1)-1 ,001’ sol i “1’001 .

‘J’hc ncw closmi-loop  SOI i too] is (icsignc(i to
allow integration  of up]ink  pmdjct events
witi~  act Lla] downlink  tc]cmctry  v a l u e s .



.

(;l’olln(i  cvcn( and Spacccl”all  Collllllalld  itc!nls
in (IIL; S011 h a v e  a s s o c i a t e d  [c]cmctry
pamlnctcrs  that can be uscci (0 verify the
cxccli(ioIl  (Jfc:lc}lc  oll)lll:lll(l  Orgrolm(lcvcnl
or to establish the state ofthc  spacccmf[ 01
gl”ound Systcm. ‘1’hcse  paralnc.te.rs al”c I1OW
interleaved with the commands and ground
C.vcllts  in t h e  Closc(i-l(mp sol;, f o r  Casy
access and viewing by tllc analyst. ‘1’hc
Closed-loop l~lonitoring Systcm c a 1)
automatically intcrfacc with cxistinp, real-time.
SO NJ”CCS of information, to cap[LIJ.c and
display actllal values from thc[clcmclry  data
Stl’caln. “J’hc /,mJlhical  Sol; v iewing tool
allows a user to highlight events ofin(crcst
will] a mouse on the scrccn a~l(i mark lhcm
for aulolnatic ai:unl  notification in real-time.
‘J’his  [ooi also ailows  a user (0 ILm the SOIi in
(icman(i  mmic, specifying any time cicsirc(i,
all(i to Scal”ch  or Step [hl”oLlgh  (IIC ciocumcnt
for cvcnls  of interest.

‘1’i]c f<~liowing}  capabili t ies have. bc.c.11
imoqwratc.(i  into tile SOli tooi to implcmmt
mai-tinm,  closc(i-loop  monitoring capabilities:

●  l<cal-7’iI~Ic  Copabili[ic.v:  A  SCIO1l  bar
h a s  bcc]l  a(i(ic(i  to allow for Scl”oliillg
(iuring real-time viewing. Real-time
viewing can bc acccsscxi an(i ccmtmllc(i
fmm  a mcnL1.  ]t is possib]c  to s t e p
lhrmlgh  Cach Cvcnt LIIl(lcl’ LlscrcoIltIol”  or
to rLIn tile Sol i in md-lime m’ in playback
Jno(ic,  ‘1’hc real-time control cap:ibi]itics
am basc(i on an intcmpt  algorithm.
* C.’l/f~)lJ?~’lC)l~cct.Y:  A1~cwitelllforll]:it
has been [icfincct for the Sol; to allow
creation of a tc]cmctry  channc]  object.
llach channc] object is (icfinc(i by a
description field an(i is associatmi  with
the uplink prc(iict itcm prccc(iing it. “J’here
c:i]]l)c ]llllitil)ic  cl):lt)llcl  ol)jccts ;issoci:itc(i
witil a  sing]c up]ink  e v e n t .  “1’hc
tl])lillk/(iow]]liI)k co Illll)2111(i/c11211111  c.l
intcp, ration is bascci  on cross-lcfclcl~ce{i
information within  the tclcmctry  and
commmi  (iicticmarics.
●  (.’h(I~l~zcl Optioi/s: A nc.w o p t i o n
but ton has been il~~]~lel~~cl}tc.(1  ti~at  allows
a [lSCI. to op t iona l ly  (iisplay ch:innc]
rccmis in the SOIi.
●  l~o}v]llillk  l?llcrjhcc: lntcrproccss
colllll~tll)ictltioll  an(i (iata transpoll
functions have been implcmcntc(i  to aiiow

intcgra[ioll o f  tile (iown]ink tclcmc(ry
stI’ca[]].

I;igurc 4 shows the graphica] closc(i-loop
sol; tooi.”

Ncw nlissions  arc demanding clcctmnic
lllissiO1)c olltl”ollc  rlogsr:i  tllcrtll:ill  t}mcuncnt
han(i-written mpmls. Without the automatcxi
log keeping, capabilities ill (Ilc ncw olil, 1.o~,
‘1’001, :icc)[lt]ollcllv{)lll(i  spcn(i most of tbcir
t i m e  m a n u a l l y  typing  in clcc[mnic log
l“cpol’[s.

‘1’hc closc(i-loop SOI; an(i 01{1.  I,og “1’ool
illl]~lcl)lcllt:itiolls  have ]ai(i the gmun(iwork
for an a[ivancmi  closc{i-loop .monitoling
systcm( hat can sif,[lificailtiy  redllcctllcllcc(i
for opcmtions  t e a m s  to unclcntan(i  t h e
complex set of pmccssing  an(i (iisplay tools
in tlm exist ing J]’], Multi mission GIoun(i
l)ata  Systcm (MGI)S).  ‘1’hc current MG1)S
approach rcc]uim un(icrstan(iing lnultip]c
subsystems, an(i thciroftcn  subtle intcrfaccs,
to a l l o w  an cnci-to-cn(i pmccssillg  of
(iowl]link  [iata.  ‘1’hcJc i s  a l s o  no cumcnt
mcthd  to intc~,ratc or compare prcclict with
actual valms.  ‘1’hc closc(i-loop  S01; tool can
gmat]y simplify a user’s abiiity  to access an(i
vic~~’tclcl)lctry(i:lt:l, ami pmvi(ics  a means to
vicwthis(iatair~  thccontcxt  oft}lccc)lllllli~ll(is
an(i Jwc(iictc(i  values that arc usui  to interpret
it. ID this context, it is expcctc(i  tha t
si~nificxmt  cost savings can bc rcali~,c(i  frc)m
the pmiuctivity  impmvcmcnts  that will bc
1cali7,c(ic Jvcrtl)c} lllll(ilccisof  cLlr1cr~t  uscrsof
the SOI i (iocumcnt  ami mlatcxi  uplink tools.

Some proposed arms of future work iac]u(ic
cxpmsion of thcclosc(i-lmi>  Sollc:l]>:ll>il  itics
for a(iapta(ion  (0 systcm test, (iynamic  slams
basc(i on tolcmnccs from pmiictc(i  events,
automated monitoring of spacecraft an(i
ground systc.m configurations at sc]ccted
times, mal-time timdinc  ciisplay of the Sol:,
.gcncmtim of as-flown S0]1 schc(iulcs,  an(i
automatc(i  command verification. An
acivanccxi clmui-loop  monitoring systcm is
essential to a more auto]  natc(i  monitor  an(i
control systcln adtosignificant  pmiuctivity
impmvcmcnts for the smailcr missions of the
fllt llsc.
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